Spin-polarized DFT calculations were performed using the DMol 3 code. 1,2 The well-known Perdew-Burke-Ernzerhof (PBE) functional with generalized gradient approximation (GGA) is used as the exchange-correlation functional. 3 The core electrons are described by the all electron relativistic (AER) core treat method. 4 The double numerical plus polarization (DNP) is chosen as the atomic orbital basis set. 1 A smearing of 0.005 Ha is applied to the orbital occupation. The real-space global orbital cutoff radius is set to 3.7 Å in our calculations. The convergence tolerances of energy, maximum force and displacement are 1.0 × 10 −5 Ha, 0.002 Ha/Å, and 0.005 Å, respectively. The DFT-D2 method of Grimme is employed to includethe van der Waals (vdW) interaction in our computationss. 5 A conductor-like screening model (COSMO) is used here to describe the water solvent environment, and the dielectric constant is set as 78.54. 6 To quantify the robustness of our computational settings, we Electronic Supplementary Material (ESI) for Physical
carried out sysmematically tests for basis set and functionals. We also calculated the ORR process on N A -olympicene based on triple numerical plus polarization (TNP), double numerical plus d-functions (DND), and hybrid functional B3LYP. As shown in Figure S7 , the overpotential of ORR on N A -olympicene are determined to be 0.79, 0.84, and 0.75 V from GGA/PBE/TNP, GGA/PBE/DND, and B3LYP/DNP, which are close to that obtained from GGA/PBE/DNP (0.70 V).
The E ad of ORR intermediates on N-olympicenes was determined as E ad = E mol + E N-Oly − E mol-N-Oly , where E mol , E N-Oly and E mol-N-Oly are the electronic energies of an isolated adsorbed molecule, N-olympicenes, and the adsorption systems, respectively. 7, 8 By this definition, the positive E ad values correspond to the exothermic stably adsorption processes. The free energy diagram was calculated based on the computational hydrogen electrode (CHE) model developed by Nørskov et al. 9, 10 The reaction free energies (ΔG) of every elemental step are calculated at standard conditions and defined as: ΔG = ΔE + ΔZPE -TΔS + ΔG pH + ΔG U , where ΔE is the DFT reaction energy, ΔZPE is the difference in zero-point energy, T is the temperature (298.15K), ΔS is the change in the entropy, ΔG pH and ΔG U are the free energy contributions related to the pH value and electrode potential U. The important effect of the electrode potential on ΔG is quantified by ΔG U = neU, where U is the electrodepotential, and n is the number of electrons transferred in each elementary step. Note that n equals to 1 for single coupled proton and electron transfer step. 9 Based on these definitions, the smaller the E f , the more energy favorable for nitrogen atom substituted. 
